Abstract-In order to correct the altimeter range for tropospheric humidity, a microwave radiometer is added to altimetry missions [Envisat/microwave radiometer, Jason/Jason Microwave Radiometer, and TOPEX-Poseidon/TOPEX Microwave Radiometer (TMR)]. Over open ocean, the combination altimeter/radiometer is satisfactory. This is not the case in coastal zones, where the signal coming from the surrounding land surfaces contaminates the radiometer measurement and makes the humidity-retrieval method unsuitable. In this paper, a radiometer simulator is built, using data from a field experiment (in situ measurements and collocated TMR measurements) and analyses from a mesoscale-forecast model. This simulator is used to perform sensitivity tests and to evaluate the current methods to retrieve the wet tropospheric correction in transition areas. The purpose of this paper is to analyze and compare the performances of these methods. After examining simple correction methods (extension of the open-sea wet tropospheric correction and use of the meteorological model value), we evaluated the feasibility and performances of two methods, which propose to take into account the land-surface effect in the brightness-temperature estimation. The latter was found to give significantly better results.
I. INTRODUCTION
T HE EXPLOITATION of altimetric measurements over the ocean relies on the possibility to correct the altimeter range from all external perturbations. One of them, the atmospheric humidity (concentrated mainly in the troposphere), strongly affects the signal. Currently, no meteorological model can provide this quantity with the required accuracy, so a dedicated instrument is added to altimetry missions: a nadir-looking microwave radiometer. The altimeters onboard European Space Agency altimetry missions (European Remote Sensing 1 and 2 and Envisat satellites) are combined to microwave radiometer performing measurements at 23.8 and 36.5 GHz [1] , [2] . For the National Aeronautics and Space Administration/Centre National d'Etudes Spatiales missions (TOPEX-Poseidon and Jason), trifrequency radiometers were chosen: The TOPEX Microwave Radiometer (TMR) performing measurement at 18, 21, and 37 GHz [3] and the Jason MR at 18.7, 23.8, and 34 GHz [4] . On homogeneous water surfaces, the altimeter/radiometer combination is satisfactory, both in terms of accuracy (1-cm rms error) and horizontal resolution (50 km). This is not the case for sea-land transition areas. The algorithms used to retrieve the wet path delay (PD) from the measured brightness temperatures (TBs) are only valid on homogeneous water surfaces, because they are based on sea-surface emissivity models. But near coasts or islands, the radiometer footprint may contain both water and land surfaces (the latter with a high and very variable emissivity). Thus, even if the footprint center is located on sea, measured TBs are highly contaminated by the presence of land surface in the footprint and the humidity-retrieval method is not suitable anymore.
In practice, this means that today, the altimeter measurements cannot be reliably corrected from atmospheric humidity from about 50 km to any coast. They are, therefore, rather inaccurate. Lakes or geographic zones, like the Baltic Sea region or the entire Aegean Sea, seem out of reach for altimetry (Fig. 1) . Nevertheless, the exploitation of altimetry in coastal and inland water areas is a challenge for oceanography, and studies are in progress to exploit altimetry for hydrological budgets over large continental basins.
To solve this problem, different methods have been proposed so far: use of a meteorological-model value; propagation of the open-sea wet tropospheric correction; and propagation but imposing a meteorological-model variation [5] . Ruf proposed in [6] an analytical and theoretical correction of TBs before retrieval. He assumed a track perpendicular to a straight coastline. Bennartz [7] tackled the problem of mixed land/water measurements ("footprints") in SSM/I data by taking the fraction of water surface within each footprint.
The objective of this paper is to quantitatively analyze the TB contamination by land. Performances of the different methods used up to now to minimize the error on wet PD near coasts are evaluated, and two improved correction methods are proposed. This paper is performed using TOPEX/TMR measurements, but the proposed methodologies are not dedicated to TOPEX; they are applicable to any other similar instruments.
In Section II, the data (in situ, models and satellite) and the used tools are presented. In Section III, the methods used in the current altimeter-data processing are detailed and evaluated. Then, in Sections IV and V, two improved correction methods are proposed. Their purpose is to correct TBs from land contamination before retrieval, in order to apply the current retrieval algorithms up to the coast. The performances of these two last methods are compared in Section VI. Finally, Section VII gives the conclusions and perspectives of this paper.
II. DATA AND TOOLS

A. Data and Simulations Used
The TMR operates at 18, 21, and 37 GHz with a footprint diameter of 44.6, 37.4, and 23.5 km, respectively. The first TB is mainly sensitive to the surface roughness, the second to atmospheric humidity, and the third to cloud liquid water (but all receive a significant contribution from the surface and atmosphere). TBs are available every second (which means about 7-km along track between two measurements).
The ALADIN model (see [8] ), the operational mesoscale forecast model of Météo-France, provides analysis every 12 h and predictions every 3 h after each analysis. Surface fields such as pressure, temperature, wind, as well as temperature and humidity profiles on 15 pressure levels, are available at a 0.1
The FETCH experiment [9] took place from March 13 to April 15, 1998 in the northwestern Mediterranean Sea, a coastal region dominated by frequent strong northerly (Mistral) or northwesterly (Tramontane) winds. Local atmospheric measurements were performed onboard a research vessel. ALADIN fields corresponding to the FETCH experiment period were evaluated using many in situ measurements (radiosounding, zenithal radiometer, and ship measurements) [9] .
After comparisons between ship measurements and ALADIN model outputs [9] , the model was found to systematically underestimate atmospheric moisture, in particular in Mistral cases. For the FETCH period, a 2-cm bias and a 1-cm standard deviation is observed in open sea between TMR wet PD and ALADIN wet PD (ALADIN lower than TMR). A 5-K bias and a 2-K standard deviation in TB are observed in open sea between ALADIN simulations and TMR measurements.
For these reasons and to properly evaluate correction methods applied to any type of geographical configuration on Earth, we cannot only study a few specific tracks. The number of collocated satellite measurements with ALADIN simulations is restricted and does not allow the result generalization to any configuration met on Earth. Therefore, we choose to simulate the radiometer behavior using meteorological fields and radiometer characteristics so as to characterize TBs contamination by land when the satellite approaches the coasts. The two days selected to evaluate this simulation, March 16 and April 15, 1998, illustrate two different and characteristic atmospheric situations. The first day corresponds to an offshore dry wind (Mistral case), whereas for the second day of study, the atmosphere moisture over Mediterranean Sea is higher. The chosen track, number 187 (see Fig. 2 ) is the same for both days. It presents various interesting cases of contamination: clear land-sea and sea-land transitions (Algerian and French coasts), over-flight of an island (Ibiza in the Balearic Islands), and track tangent to the coastline (Creus Cape in Spain).
B. Simulator Development
1) Radiative Transfer Modeling:
A radiative transfer model, developed by Prigent [10] and improved by Guillou [11] , simulates the three TBs from ALADIN outputs (surface pressure, surface temperature and wind, and temperature and humidity profiles) for a given point of the surface. It takes into account all the physical surface and atmosphere parameters and calculates the TBs emerging at the top of the atmosphere for a given instrumental characteristics (frequency and incidence angle). The Liebe model [12] is used for the atmospheric absorption, and the surface emissivity is calculated with the geometric optics theory (Cox and Munk distribution of tilted facets [13] ) and Ellison model [14] for the dielectric constant of sea water. It is, therefore, only valid for homogeneous water surfaces and for frequencies higher than 10 GHz.
2) Second
Step-Use of a Land Emissivity Map: The original model assumes a sea surface (emissivity around 0.5 with a roughness function of surface wind). We modify the model to take into account the land-surface emissivity.
There is no model to simulate land emissivity globally, as it highly depends on moisture and vegetation with, thus, a strong seasonal cycle. Over land, studies conducted by Karbou et al. [15] have led to an estimation of land emissivity depending on the soil type, frequency, and incidence angle allowing the exploitation of radiometric measurements over land. A monthly mean emissivity atlas for year 2000 is available at AMSU-A frequencies (23.8, 31.4, and 50.3 GHz) including channels close to TMR ones and for nadir incidence. This atlas can be used to simulate TMR TBs over land. We use emissivity values retrieved at 23.8 GHz, at nadir, assuming that the emissivity variation with frequency is negligible [15] and that the land emissivity is nearly similar for the same month in 1998, as in 2000, in the region of interest. The maps have a 0.25
• spatial resolution that we adjust to the 0.1
The incomplete parts of the map (e.g., the island) have been filled with the mean emissivity in the studied region (0.93).
3) Final
Step-Antenna Lobe and Along-Track Averaging: Actually, the main lobe width is a function of the frequency: Expressed in terms of footprint diameter on the ground, it is 44.6 km at 18 GHz, 37.4 km at 21 GHz, and 23.5 km at 37 GHz. The antenna pattern is correctly simulated by a Gaussian function. Adjusting the Gaussian by a translation and a homothetic transformation (Fig. 3) does not significantly change the results. The Gaussian standard deviation σ is function of lobe width D at 3 dB
For each studied point, we take into account all the surrounding simulations in the 2-D grid, which values were weighted by this Gaussian function.
TMR measured TBs are averaged along track to reduce errors caused by unequal beamwidths, using a symmetric weighting of measurements preceding and following a given measurement [16] . We apply the same processing to simulations. Fig. 4 illustrates the different steps of the process on the track presented in Fig. 2 , for March 16. Simulations are compared to TMR measurements, at the three frequencies. The two spikes are Ibiza and Creus Cape. In Fig. 4(a) , the simulated 21-GHz TB does not increase over land-contaminated areas. In Fig. 4(b) , the land effect is overestimated because the antenna pattern is not taken into account. Finally, the simulated signal has a correct magnitude in Fig. 4 (c)-(e) (for the three channels), after including the antenna pattern effect. The different signals are properly simulated: gradual transition from sea to land or from land to sea, smooth signal over the island. We also note the lobe-width role when flying over the island (steeper signal at higher frequency) or when the track is tangent (there is more contamination at 18 GHz, as the footprint is bigger, than at 37 GHz). Simulations seem nevertheless to be overestimated over Ibiza and underestimated near Creus Cape (about 10 K). This is probably due to an error in emissivity estimation: a 5% deviation in emissivity corresponds to about 10 K in TB (assuming a land-surface temperature of 285 K). Results for April 15 are satisfactory as well.
We have, therefore, built a TB simulator, which has been validated for two different atmospheric conditions and various geographic configurations. As the simulator simulates 2-D TB maps (Fig. 5) , it can now be used to simulate radiometric measurements on ALADIN fields.
C. Retrieval Algorithm
With this tool, we simulate the TBs that would have been measured by the TMR on each point of the grid (0.1
. However, because of the discrepancy between simulated and measured TBs (a 5-K bias and a 2-K standard deviation), the TMR retrieval algorithm cannot directly be used on the simulated fields (a bias should have to be corrected everywhere). Thus, instead of using the original TMR wet PD algorithm (see [17] ), we developed a new algorithm optimized for the study area and to the ALADIN model characteristics. We kept the same logarithmic form
where TB i are TBs at 18, 21, and 37 GHz in Kelvin and PDsim is in centimeters. With all ALADIN fields available during the FETCH experiment (from March 13 to April 15, 1998), we simulated over the Mediterranean Sea TMR TBs with the above radiative transfer model. Then, a log-linear regression was applied to get the best relation between the wet PD and (TB18, TB21, and TB37) corresponding to the learning database. We obtained the following coefficients:
β 18 = 34.6150
We can now use this algorithm to retrieve the wet PD from simulated TBs over sea on the selected cases. Without any coast-contamination correction, the retrieved PD is contaminated near coasts, just as are the measured TBs.
III. EVALUATION OF SOME CURRENT METHODS
In this section, ALADIN PDs (called PDref in the following) are taken as the reference field to which we compare the results obtained with the different methods. algorithm in situations far from the mean relationship. We also give in Table I the mean and the standard deviation of error between each method results and ALADIN, for grid points at distance less than 50 km from the coast. 
A. Propagation of the Last Uncontaminated PD
We consider as contaminated the grid points closer than 50 km to the nearest coast. We propagate up to the coast the closest uncontaminated PD. Results are shown on Fig. 7 . Errors near coasts are well reduced, but the method still does not work well everywhere, because specific coastal atmospheric effects cannot be taken into account. As far as meteorological phenomena are concerned, coasts are specific and complex regions, dominated by frequent strong local winds. For this reason, a simple propagation cannot suit.
B. Use of European Center for Medium-Range Weather Forecast (ECMWF) PD
The ECMWF provides global fields every 6 h at a half-degree resolution. Near coasts, PD is switched to ECMWF PD interpolated at the altimeter-measurement location, as available in the altimeter product. The ECMWF model is less accurate and smoother than ALADIN. The result (Fig. 8) is not satisfactory. This method creates a strong discontinuity in PD that is not physical and misses some details.
C. Use of ECMWF Dynamics
This method has been proposed by Mercier [5] . In the coastal strip, it consists of propagating the radiometer PD but imposing the ECMWF dynamics. In other words, we use the ECMWF PD described above, corrected for the difference between it and the radiometer PD where contamination by land begins. In this way, the resultant PD is not constant in the coastal strip but has a more realistic dynamic, and the step disappears: the PD is now continuous (Fig. 9 ). Despite this improvement (mean error of 0.57 cm), high local errors are still clearly depicted.
All these methods still show an error near coasts higher than 1 cm, which is too much compared to the accuracy required for altimetry products. The specific phenomena that dominate coastal zones require particular treatments.
In the following section, we propose another type of correction: TBs near the coast itself are corrected, instead of the wet PDs, after which the same PD retrieval algorithm as over oceans can be used.
IV. ANALYTICAL CORRECTION OF TBS: THE "ERF METHOD"
Ruf [6] proposed an analytical correction of the measured TBs: function of the TB difference between sea and land. The track is assumed to be perpendicular to a straight coastline. TBs over sea and land are assumed to be constant. The major limitation of this method is the assumption that the track is perpendicular to the coastline. We propose in the following an improvement of the method by taking into account the angle between the track and the coast. Then, we test the sensitivity of this method. 
A. Improved Method
Ruf used TBland and TBsea (taken 200 km after and before the transition) and a table of coefficients calculated for a track perpendicular to the coast, to calculate the following correction for a frequency ν and the distance d to the coast
First, we replaced the coefficients table by an erf function, primitive of a Gaussian function, which was found to fit well the actual sea-land TB evolution. The new correction is the following function:
where d is the distance to the coast and α is a parameter conditioning the curve's slope at d = 0 (α only depends on the frequency ν and on the angle θ between the track and the coast). Fig. 10(b) shows the simulated TBs along the created track [ Fig. 10(a) ].
The more the track is perpendicular to the coast, the shorter is the contamination by land. Simulated TBs are corrected 
B. Sensitivity to Errors in θ or in TBland and TBsea
To evaluate the method in realistic conditions, we introduced different error types in TBland for simulated TBs without altering the correction. We could have introduced this error on TBsea, but TBs over land are more variable in space than over sea, and anyway, the problem, as the correction function, is fully symmetrical.
By introducing a strictly equal bias on each frequency, we can accept a bias in TBland up to ±20 K to reach a 1-cm error on PD after correction. This can be explained by a compensation effect on the three channels. On the other hand, if we introduce an error only in one channel, assuming that TBland at the two other frequencies are perfectly known, the acceptable error bias is reduced to ±3 K to reach the limit of 1 cm. In other words, a relative error of 3 K is as damaging as a systematic bias of 20 K.
To generalize the error analysis, we introduced a Gaussian random error on TBland, independently on each channel, on 1000 samples. The maximum acceptable standard deviation on TBland is 2.7 K, to reach a mean error lower or equal to 1 cm on PD after correction (Table II) .
Finally, we introduced a random error on θ. The same error on θ will have a greater impact on PD, if θ is small. For a θ value of 60
• , a 40
• error in θ estimation is allowed (to reach the limit of 1-cm error on PD). For a θ value of 20
• , it decreases to 7
• .
C. Discussion
The land simulation case of the last line in Table II is the closest to reality. We estimated on the northwestern Mediterranean coast that the standard deviation of TBland is about 2.5 K for a 50-km segment coast. The length of contamination for an angle between track and coast of about 25
• at 18 GHz (or less in higher frequencies) is 50 km. This corresponds, therefore, to a mean error on PD of about 1 cm, which is already our limit. To this error, we have to add the one due to θ estimation and the one due to TBsea estimation. A θ angle of about 25
• and a standard deviation of error on θ of about 10
• lead to the limit of a 1-cm error on PD. If we estimate the error due to TBsea estimation to be 1 cm, the total error is Fig. 11 . Land proportion in the footprint along the track. about 1.7 cm. This is too much considering that the coast will never be actually rectilinear.
This method thus appears too sensitive to the geometry. Furthermore, it does not allow to process complex cases like tangent tracks (what is θ in this case?) or islands (it is difficult to estimate θ and impossible to estimate TBland) or even small angles between track and coast. The complex pattern of the contaminating coast is not taken into account. As a consequence, this algorithm seems not adapted to a global operational processing.
V. USING THE PROPORTION OF LAND IN THE FOOTPRINT
A. Description of the Proportion Method
This second approach is similar to [7] , in which Bennartz tackled the problem of mixed land/water measurements in SSM/I data by deriving the fraction of land surface within each measurement from a high-resolution land-sea mask. In this section, we describe the method we used to correct the TBs.
The correction function uses p, the actual proportion of land in the footprint. Far from coasts, p is zero on sea and one on land. The proportion p is calculated by means of a 0.01
• resolution land-sea mask, taking into account the radiometer fieldof-view characteristics. p, therefore, depends on frequency: at high frequencies, the footprint is smaller. That is why, in the case of the island (see Fig. 11 , first spike), contamination is greater at high frequencies. On the contrary, in the case of the tangent track, the smallest footprint hardly reaches the coast: it contains less land and the contamination is lower.
TBland and TBsea are estimated along the satellite track. For a complete sea-land transition, TBsea is the last uncontaminated TB (the last encountered TB with p = 0) and TBland is the first uncontaminated TB (p = 1). For incomplete transitions, we take the closest encountered TB (always along track) with p = 0 or 1.
This leads to the following correction function:
A comparison between simulated and measured TBs is shown in Fig. 12 . TBs are satisfactorily simulated near coasts. The simulated TBs obtained by adding the land contribution to the TBsea values fit well the real measurements performed by the TMR, also in the most complex configurations. We give in Table III the mean difference between simulated and measured TBs and the associated standard deviation, calculated on the "created tracks" of Fig. 14 (we will present them in Section VI).
B. Discussion
We assume a linear dependence between the land proportion and the observed TBs. Nevertheless, this assumption is not always valid especially at 37 GHz because of nonlinearity of the atmospheric radiative transfer for atmosphere-sensitive channels. Fig. 13 shows one year of TOPEX data for the track number 187 and the measured TBs as a function of the land proportion in the footprint along the track, at actual TOPEX positions. The few points that present high TBs at p = 0 (2.4% of the points with p = 0) correspond to two particular days (out of 31 days) in Alboran Sea (between Spain and Morocco). Discrepancies with respect to the mean linear dependence come from atmospheric-humidity variations above the surface (which is the signal we want to catch) but also from emissivity variations over sea and over land along the track (that are neglected in the proportion method).
This method is quite sensitive to the choice of TBsea and TBland, especially when the satellite overpasses an island. If the nearest point over land where p = 1 can be found at less than 200 km (in view of the characteristic atmospheric structures dimensions), the corresponding TBland value is assumed to be similar. 
VI. PERFORMANCE ANALYSIS
By applying the retrieval algorithm to simulated TBs without any correction, we calculate a "contaminated path delay." Then, using either the erf method (Section IV) or the proportion method (Section V), we correct the simulated TBs, and we calculate two different "corrected path delays." The three obtained PDs are compared with our reference, the ALADIN PD. We take benefit of the wide set of coastal transitions encountered within the ALADIN area, to statistically evaluate the performances of the two methods.
A. Performance of the Proportion Method
To test this correction on a large number of data, we simulate TBs along real TOPEX tracks. As the horizontal spacing of TOPEX tracks is very wide (about one track every 230 km), we add translated tracks, to increase the horizontal resolution and number of cases, as shown in Fig. 14 .
We then apply the TB correction algorithm on each track, calculate the corrected PD, and compare it, over sea, with PDref. The PD obtained from contaminated TBs and the PD obtained propagating the last uncontaminated PD is also compared to PDref. Therefore, as to characterize the error in the coastal strip between the different obtained PDs and the ALADIN PD, we calculate the rms error for each transition case (262 cases among sea-land, land-sea, flying over an island, or near a coast). Then, we calculate the quadratic mean of these rms errors. In this way, no case is favored: every transition has the same influence, whatever its length (if the angle between the track and the coast is small, the transition is longer). Results are given in Table IV . The error near coasts is significantly reduced.
B. Second Test: Comparison Between Both Methods
We cannot apply the erf method to the tracks above, because this method requires knowledge of the angle between the coastline and the track. To compare the erf method and the proportion method, we need perfectly known tracks, so we created them. We chose in the ALADIN domain an almost rectilinear coast, on the North African coast; then, we built five tracks that cross this coast with five different angles: 10
• , 30
• , 50
• , 70
• , and 90
• (Fig. 15 ). They were made similar to TOPEX track, by simulating one measurement every 6.2 km.
Both methods are applied on these tracks. Table V summarizes the rms errors, in comparison to PDref, on the coastal strip. Fig. 16 is an example of the four PDs along a created track crossing the North African coast. The results for the proportion method are realistic. For the erf method, as we used a straight coast and did not add any uncertainty on angle and TBland determination, the results give rather the minimum expected error.
We can see that even in such a simple configuration (rectilinear coastline and known angle), the analytical erf method gives poor results. The method using land proportion in the footprint gives better results: corrected PDs are closer to PDref (ALADIN). 
C. Application to Actual Measurements
The propagation method, the erf method, and the proportion method are applied on simulated TBs on the track presented in Fig. 2 . Results are shown in Fig. 17 . The 0.5-cm bias observed over open sea between ALADIN PD and the other retrieved PDs is due to the inherent inaccuracy of the ALADIN-specific retrieval algorithm. It lies within the 1-cm rms error observed in the whole zone (see Section II-A). The propagation method looks satisfactory in average but introduces anomalous gaps. The erf method induces strong negative biases on the Algerian coast and over the Ibiza island. It cannot correct for the Creus Cape impact. The proportion method does not lead to perfect corrections, because we have to use a distant and so unsuited TB for the island and the tangent track cases. But, this method remains the best among all the three correction methods. The same methods are applied then on actual TMR measurements. Results are shown in Fig. 18 . The obtained variations around coasts are consistent with the previous comparison. The signal near coasts is better corrected than over the island and tangent track cases. Again, the reason is the use of a distant TB. This appears as the major limitation of the method, since there is no way to estimate the adequate TB to use when there is no pure land footprint available.
Note that ALADIN PD cannot be used as a reference here, because of its negative bias with respect to TMR, and to its too smooth variations, compared with the actual ones.
VII. CONCLUSION AND PERSPECTIVES
This paper focuses on the problem of the wet tropospheric correction for altimetry missions in coastal regions.
The objective of this paper was to analyze in detail the contamination of the TBs by land, to evaluate the methods used up to now to provide the wet tropospheric correction in these transition areas, as well as to propose a new approach that is more accurate and adapted for an operational processing. The validation of the different methods we have tested in this paper is almost impossible using real TBs. We have not enough in situ measurements (radiosounding and GPS) in coastal areas and no accurate enough model to fully evaluate the proposed corrections. We, therefore, chose to develop and use a simulator to perform sensitivity tests and to quantitatively evaluate the different methods for a large number of geometric and meteorological situations.
We first suggested refinements to the approach proposed by Ruf (analytical correction). The results are satisfactory in a very optimal case (reduction by more than 60% of the error with respect to no correction). But, sensitivity tests showed that the TB over land and the angle between the satellite track and the coast should be known with a very good accuracy. However, these parameters are difficult to estimate, especially in complex geometries. Therefore, this method seems difficult to use globally in an operational processing.
The approach proposed by Bennartz, developed for SSM/I mixed land-water footprints, has been adapted to the TOPEX/TMR case. It mainly uses the proportion of land in the footprint. This method is robust and seems more apt, because it allows the processing of any configuration. Results obtained on simulations are satisfactory: the error is 50% lower than with the previous method. But, the hypothesis of a linear dependence between the land proportion and the observed TBs, not completely valid, leads to ignore atmospheric variations in the transition area. An additional limitation is the lack of information on TBland in the case of islands and tangent tracks (as in the previous method).
All methods have then been applied on actual TMR measurements. The obtained amplitudes and ranges are consistent with results on simulated TBs on the same track. But, the problem of the validation remains. We should have at our disposal a great amount of data and a better reference. Only the comparison between preprocessed GPS measurements and radiometer PDs in every possible geophysical situation could provide a reliable validation of the method.
In this paper, we used measurements from the TMR collocated with the TOPEX/Poseidon altimeters measurements. Nevertheless, the proposed methodology is applicable to other radiometers, just taking into account the corresponding instrumental characteristics (frequency, footprint size, and incidence angle).
The future altimetry missions will present better spatial resolution, allowing new studies, especially in coastal areas and inland water regions. To take a real benefit from these new instruments, it will be necessary to propose a high-quality wet tropospheric correction for these transition areas. This paper is a first step in the development of an operational algorithm dedicated to the wet tropospheric correction, but the methods presented here should be improved even more to get the required accuracy everywhere.
